Purpose : Since cytoplasmic pitting is a morphological phenomenon discussed controversially, this study was set up in order to assess the actual influence of cytoplasmic pitting on treatment outcome. Methods : Four hundred and one patients undergoing 484 consecutive treatment cycles were evaluated retrospectively in order to assess the actual influence of pitting on treatment outcome. Results : Pitting was found to be reduced in single culture as compared to group culture (p < 0.01). No correlation of cytoplasmic texture with rates of implantation and pregnancy could be observed, but a significantly higher proportion (p < 0.05) of gestational sacs vanished in the group with exclusive transfer of pitted embryos compared to the unaffected group. Obstetric and perinatal outcome was not affected. Conclusions : It is possible that culture conditions favor cytoplasmic pitting, a morphological phenomenon which, in the extreme case, may result in early loss of gestation sacs.
INTRODUCTION
In their attempts to reduce multiple pregnancy rates as a result of infertility treatment, embryologist try to gain as much morphological information as possible from different developmental stages (1, 2) . Accurate scoring on repeated occasions is to guarantee optimal rates of implantation and pregnancy in an IVF program.
In detail, such a selection process may start at oocyte stage (3, 4) and is obligatory at zygote stage (5, 6) . Once cleaved, a high number of equally sized blastomeres as well as absence of fragmentation and multinucleation are thought to be indicators of viability (7) . Nevertheless, a close relationship between 1 Women's General Hospital, IVF-Unit, Lederergasse 47, A-4020
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cleavage behavior on day 3 and blastulation has been questioned recently (8) (9) (10) . However, some additional morphological characteristics on day 3 are considered to predict compaction and blastulation (11, 12) including an increased cell to cell adherence and a mottle appearance of the cytoplasm. The latter phenomenon has been termed "pitting" (12) and is characterized by the presence of numerous small pits with an approximate diameter of 1.5 µm (13) . It has been suggested that pitting is an embryo-intrinsic feature which is associated with improved blastocyst formation (12) though pregnancy rate was not affected (12, 14) . Other authors (13, 15, 16) , however, found it more likely that cytoplasmic pitting has something to do with the composition of media used during in vitro culture.
Based on the work of Rienzi et al. (14) this retrospective study was set up to gain further insight into the morphological phenomenon of cytoplasmic pitting and its possible influence on treatment outcome. Therefore, preimplantation development and rates of implantation and clinical pregnancy for pitted embryos were compared to control embryos without pitted cytoplasm. Obstetric and perinatal outcome were also recorded since, to date, no data dealing with cytoplasmic pitting and birth outcome are available.
MATERIAL AND METHODS
All patients (n = 427) with an embryo or blastocyst transfer within a period of 18 months (2003-2004) were included in this retrospective study. This time period covers all transfers for which the concepti transferred were digitally recorded so that presence of cytoplasmic pitting could be accurately evaluated; however, 26 cycles (6.1%) had to be excluded from further analysis since their pool of embryos was heterogeneous in terms of cytoplasmic pitting (Fig. 1) .
The mean age of the remaining 401 women (484 cycles) was 32.6 years (±4.7). A total of 154 cycles were referred to conventional IVF (31.8%) due to tubal or unexplained infertility, the others (n = 330) required an ICSI mainly because of male subfertility (60.3%). Out of these ICSI candidates testicular sperm extraction had to be performed in 22 cases.
According to the respective indication (e.g. low response or polycystic ovaries) patients were stimulated either with a long protocol (n = 128) using a GnRH-agonist (Decapeptyl  , Ferring, Vienna, Austria) in combination with human menopausal gonadotrophin (Menogon  , Ferring, Kiel, Germany), or with an antagonist protocol (n = 356) with application of recombinant FSH (Puregon  ; Organon, Vienna, Austria) and a GnRH-antagonist (Orgalutran  ; Organon, Vienna, Austria). After ultrasound-guided follicle puncture oocytescumulus complexes were collected in BM1 medium (NMS Bio-Medical, Praroman, Switzerland) and kept in culture until insemination. Conventional IVF was done approximately 3 h after oocyte collection if a sufficient number of motile spermatozoa could be separated by using Zech glass capillary dish (Astro Med Tec, Salzburg, Austria) as previously described in greater detail (17) . As published, ICSI was applied according to our routine guidelines with the first polar body at the 6 o'clock position (18) .
Following insemination MII-oocytes were replaced in an incubator (Heraeus Instruments, Hanau, Germany) using 6.5% CO 2 (checked weekly).
Blastassist System Medium 1 (MediCult, Copenhagen, Denmark) was the culture medium of choice. It was used up to day 3 and replaced by Blastassist System Medium 2 if further culture to day 5 appeared possible. Lot turnover was done every 2 weeks.
Approximately half of the patients (n = 230) were randomly allocated to individual culture of the embryos in 20 µL drops under mineral oil with the medium changed daily. The embryos of the remaining cycles (n = 254) were cultured in groups of about eight embryos using 80 µL drops under oil. In these patients, medium was only changed twice (days 1 and 3). No differences in number and quality of embryos could be found between single and group culture.
On day 1 oocytes were controlled for the presence of two pronuclei, halo formation (18-20 h past IVF/ICSI) and early cleavage (approximately 24 h past ICSI and 26 h past IVF). Number and quality of cleavages on day 2 (cell number, fragmentation, multinucleation and unequal blastomeres) served as basis for decision-making in terms of prolonged culture to blastocyst stage. In this special case presence of compaction (day 4) and morphology and size of the inner cell mass and trophectoderm (day 5) were recorded.
All embryos were transferred in the sequential medium corresponding to their developmental stage using an Edwards-Wallace Catheter (Smiths Industries, Lancing, UK).
Seventeen days after intrauterine transfer, blood concentration of hCG was measured. Biochemical pregnancy was defined as a significant increase in hCG levels (>10 mU/mL). The implantation rate was defined by ultrasound visualization 4 weeks after embryo transfer, as gestational sac per embryo transferred. This included subclinical pregnancies as evidenced by a gestational sac but no fetal heartbeat. A clinical pregnancy had to show at least one gestational sac with positive heart activity. A detailed follow-up of every single IVF/ICSI pregnancy was done in terms of obstetric and perinatal outcome.
Data analysis was performed with commercial statistical software (SPSS, Chicago, IL) applying chisquare as well as Student's t-test. The minimum level of statistical significance was p < 0.05.
RESULTS
Similar numbers of embryos or blastocysts were transferred in the groups with (1.8 ± 1.2) and without (1.6 ± 1.3) cytoplasmic pitting (p = 0.20). Since there were no significant differences in the rates of implantation and clinical pregnancy (p > 0.05) between both day 3 and day 5 transfers, results were pooled.
No differences in viabilty were found since blastocyst formation in the "pitted" group (214/500; 42.8%) was almost identical to that in the unaffected group (256/581; 44.1%).
Overall, positive β-hCG was found in 168 of 484 cycles (34.7%). The occurrence of 11 biochemical pregnancies reduced the clinical pregnancy rate to 32.4%. This corresponded to a total implantation (Table I) . The ongoing pregnancy rate was 26.0% (126/484). In terms of obstetric (complications during gestation, premature birth rate, and cesarean section rate) and perinatal outcome (Table I ) no influence of pitting could be observed. No malformatiens were diagnosed in both cohorts.
Cytoplasmic pitting was not related to patient parameters, controlled ovarian hyperstimulation details, or fertilization outcome (Table II) , however, it was found to be significantly decreased (p < 0.01) in single culture (78/230) as compared to group culture (122/254). No differences in rates of implantation and pregnacy could be seen between single and group culture which led us to pool concerning data. 
DISCUSSION
Some studies (11, 12) observed that cytoplasmic pitting, which is thought to be physically different from excessive granulation of the cytoplasm (15) or cytoplasmic fragmentation (16) , occurs in some embryos.
Initially, it was thought that pitting may predict compaction (11, 12) and, theoretically, might be a morphological manifestation of embryonic genome activation (19) . This hypothesis would be supported by the fact that the vast majority of day 2 embryos (2-4 cells) do not show any sign of cytoplasmic pitting (personal observation). In fact, the highest incidence occurred in embryos having 7-11 cells (13) .
However, it is well accepted (19) that within a human 8-cell-embryo not all blastomeres may possess morphological signs of embryonic genome activation. Since individual pitting of certain blastomeres of one and the same embryo does not occur, it has been concluded that cytoplasmic pitting is unrelated to the activation process (14) .
One thing our study has in common with previous studies on the same topic (12, 15) is that blastomere texture was not found to be a positive predictor of clinical pregnancy rate, rather it was totally unrelated to the outcome of the treatment. In accordance with this, analyzing day 3 transfers Rienzi et al. (14) found similar rates of implantation (14.8% vs. 17.0%) and clinical pregnancy rate (31.3% vs. 33.8%) in patients with homogeneous transfer of either pitted embryos or unaffected ones.
Interestingly, the present manuscript is the first to mention an observed increase in vanishing implantations. Theoretically, this could imply a late onset of a negative influence of suboptimal culture conditions since some papers have already discussed a possible relationship between culture conditions and appearance of pitted blastomeres (13, 15, 16) . However, once a pregnancy comes to birth, no such negative effect of cytoplasmic pitting has to be expected as indicated by inconspicuous obstetric and perinatal data.
Previous results from literature suggest that some components of sequential media might be responsible for changes in cytoplasmic texture. In detail, Cooke et al. (16) attributed appearance of pitting in embryos to an increased concentration of ethylenediaminetetraacetic acid (EDTA) since sibling embryos in a control medium with a reduced concentration of EDTA (0.01 mmol/L) failed to show pitted blastomeres in the vast majority of cases. This hypothesis is in line with the results of Biggers and Racowsky (13) who noticed approximately 25% of pitted embryos in an environment provided with EDTA, while less than 1% of the embryos were affected in absence of EDTA.
Though it was not the main topic of this paper, it has to be emphasized that single culture led to significantly fewer embryos with pitted blastomeres than group culture. Since the only difference in culture conditions was a daily media change in individual culture, it may be speculated that cytoplasmic pitting may be the morphological manifestation of a physiological stress to the embryo caused by an unfavorable culture environment, e.g., an increasing concentration of ammonium in the medium due to spontaneous breakdown of amino acids. This situation is known to be embryotoxic (20) and can easily be reached if medium is not changed regularly or formation of ammonium is not prevented otherwise (21) . Indeed, usage of a non-sequential medium (working with 25 µL drops without medium replacement between days 1 and 3) promoted a change in cytoplasmic texture giving higher rates of pitted embryos (13) .
However, the embryo's ability to react to stress factors introduced by suboptimal culture conditions may not be neglected since approximately 6% of all cycles had pitted embryos as well as embryos without this phenomenon indicating that some embryos may be more resistant than others. It may be hypothesized that in an embryo which is unable to keep the physiological stress (e.g., EDTA, ammonium concentration, heavy metal ions, oxygen radicals) at a minimum, changes of cytoplasmic texture may arise, which, in worst case, may result in vanishing implantations as shown.
Since the prognostic value of studies based on retrospective data is somehow limited we are currently doing a prospective approach and preliminary data imply that cytoplasmic pitting in a certain embryo cohort under defined culture conditions can be further reduced.
